This study was conducted to evaluate the effects of various feeding programmes on growth performance, carcass characteristics, and the meat qualities of Thai indigenous crossbred (50%) Korat chickens to obtain suitable feeding programmes. A total of 480 one-day-old mixed-sex Korat chickens were randomly allotted to four treatments, namely FP1, FP2, FP3 and FP4, with four replicates for each treatment (30 birds per replicate) in a completely randomized design. Chickens in FP1 were fed diets with 21, 19, 17 and 15% crude protein (CP) in periods of 0-3, 3-6, 6-9 and 9-13 weeks old, respectively. Chickens in FP2 were fed diets with 21, 19, 17 and 15% CP in periods of 0-3, 3-5, 5-7 and 7-13 weeks old, respectively. Chickens in FP3 were fed diets with 21, 19, 17, 15 and 14% CP in periods of 0-2, 2-5, 5-8, 8-10 and 10-13 weeks old, respectively. Chickens in FP4 were fed diets with 21, 19, 17, 15 and 14% CP in periods of 0-2, 2-4, 4-6, 6-8 and 8-13 weeks old, respectively. At 13 weeks old, the results showed that Korat chickens fed with FP4 had a higher feed intake, but poorer feed conversion rate (FCR), protein efficiency ratio (PER), and energy efficiency ratio (EER) values than the FP1, FP2 and FP3 treatments. However, the values for bodyweight gain and blood urea nitrogen (BUN) did not differ among treatments. None of the parameters for carcass traits, meat characteristics, and meat qualities revealed differences among treatments, except for the protein content in the thigh meat of chickens fed with FP4, which had a lower value than that of the other treatments. In conclusion, FP3 represented the most beneficial results for reducing feed costs without affecting growth performance, carcass traits, nutrient composition of meat, and meat characteristics of chickens. ______________________________________________________________________________________
Introduction
The demand for indigenous chickens in South East Asia is always increasing, although only a small portion of this demand can be met. This is the consequence of low production volume, non-uniform size and irregular quality, resulting in high production costs. Therefore, the development of indigenous chickens is unlikely to establish a reliable product, and consequently a source of income for farmers. In Thailand, several Thai indigenous crossbred (50%) meat chicken strains have been established to resolve the problem of an insufficient supply of indigenous chickens. The Korat chicken is one of the Thai indigenous crossbred (50%) chicken strains that are derived from breeder lines through a crossbreeding programme. This chicken strain has better growth performance than indigenous chickens, while meat qualities are similar to those of indigenous chickens. Moreover, its meat has a unique taste and texture, and low fat and high collagen levels, which are more acceptable to consumers than commercial broiler meat. However, as genetics change, the nutrient requirements need to be revised (Choprakarn & Wongpichet, 2008; Wattanachant, 2008; Puttaraksa et al., 2012) .
Feed represents approximately 60-70% of the total cost of production, especially dietary protein, which is an expensive part of feed formulation. Previous studies reported that the metabolizable energy (ME) and protein requirements of various crossbred chickens in Thailand were about 2600-3100 kcal of ME/kg and 15-21% of crude protein (CP), respectively, at 0-16 weeks old (Vorachantra & Tancho, 1996; Chomchai et al., 1998a, b; Tangtaweewipat et al., 2000; Pingmuang et al., 2001; Tananchai et al., 2001; Polsiri, 2001; Chomchai et al., 2003) . Until now, Thai farmers have preferred to feed crossbred chickens with commercial broiler or layer diets, since these feeds are readily available and easy to purchase. However, the nutritional content of these feeds may not be appropriate for other birds, as the excess nutrients may be excreted through the manure, resulting in environmental pollution and increased production costs (Leeson & Summers, 2005) . To solve such problems, feeding crossbred chickens on commercial diets with multi-phase feeding programmes to more precisely meet their requirements, may help to reduce feed costs without affecting growth performance.
Research was conducted on multiple-phase broiler feeding programmes, in which feeds were changed every 2-7 days (Warren & Emmert, 2000; Pope & Emmert, 2001; Ferket et al., 2002) . The authors concluded that these programmes did not impair growth performance or carcass traits, and could reduce feed costs. Feeding programmes depend on factors such as breed, sex, age, market weight and environment (Leeson & Summers, 2005) .
Therefore, the aim of the present study was to evaluate the effects of various feeding programmes on growth performance, carcass characteristics, and meat qualities of Thai indigenous crossbred (50%) Korat chickens to obtain a suitable feeding programme with the cheaper feed costs. It was hypothesized that a suitable feeding programme for Korat chickens could reduce feed costs without any decline in growth performance or carcass traits.
Materials and Methods
The experiment was conducted at the farm of the Suranaree University of Technology, according to the principles and guidelines approved by the Animal Care and Use Committee of the university. A total of 480 one-day-old mixed-sex Korat chickens with average initial bodyweight (BW) of 42.99  0.51 g were randomly allotted to 16 pens, using a completely randomized design. There were four treatments, namely FP1, FP2, FP3 and FP4, each with four replicates of 30 birds per replicate. All chicks received commercial diets, which consisted of variations in CP contents as described in Table 1 . Diets were analysed in duplicate for dry matter (DM), CP, ether extract (EE), crude fibre (CF) and ash according to AOAC (1990) . Chickens in FP1 were fed diets with 21% CP from 0 to 3 weeks; 19% CP from 3 to 6 weeks; 17% CP from 6 to 9 weeks; and 15% CP from 9 to 13 weeks on a regular feeding programme (control). Chickens in FP2 were fed diets with 21% CP from 0 to 3 weeks; 19% CP from 3 to 5 weeks; 17% CP from 5 to 7 weeks; and 15% CP from 7 to 13 weeks old. Chickens in FP3 were fed diets with 21% CP from 0 to 2 weeks; 19% CP from 2 to 5 weeks; 17% CP from 5 to 8 weeks; 15% CP from 8 to 10 weeks; and 14% CP from 10 to 13 weeks. Those in FP4 were fed diets with 21% CP from 0 to 2 weeks; 19% CP from 2 to 4 weeks; 17% CP from 4 to 6 weeks; 15% CP from 6 to 8 weeks; and 14% CP from 8 to 13 weeks old. The birds were reared in an open-sided naturally ventilated broiler house, with a daily photoperiod of 24 hours of light. The birds were housed in floor pens (2 m  2 m) on rice husks. Each pen had one tray feeder and one manual drinker. At seven days old, the tray feeder was replaced with a round-bottomed one. All chicks were inoculated with Newcastle and Infectious Bronchitis vaccine at 7 and 21 days old, inactivated Infectious Bursal vaccine at 14 days old, and inactivated fowlpox vaccine at 35 days old. Feed and water were provided ad libitum throughout the experimental period (13 weeks).
Bodyweight and feed intake (FI) of each pen were recorded weekly. The data were used to calculate BW gain, FCR, feed cost per kilogram BW gain, protein efficiency ratio (PER), energy efficiency ratio (EER) and economic returns. Protein efficiency ratio was calculated as grams of weight gain per gram of protein intake, and EER was calculated as grams of weight gain × 100/total ME intake. The production performance and feed cost data were divided into two periods (0-10 weeks old; and the entire period 0-13 weeks old) according to the market size (1.2 kg and 1.8 kg).
At the end of each experimental period, blood samples were collected from the birds' jugular vein (two birds/pen) at two hours' post feeding, and allowed to clot in polypropylene tubes for two hours at room temperature. The tubes were centrifuged at 1609×g at 4 °C for 10 minutes. The supernatant was removed and stored at −20 °C until analysis for BUN using Automatic Clinical Chemistry A15 Analyser according to the method of Anino & Giese (1976) .
At 10 and 13 weeks old, two birds (male and female) with live weight close to BW of 1.2 and 1.8 kg were selected from each pen. The birds were fasted overnight, with access to water, and slaughtered by exsanguination to determine carcass yield. After chilling for 24 hours at 4 °C, the carcasses were weighed and dressed using the international cutting style (Henrickson, 1978 into breasts, fillets, thighs, thigh meat, drumsticks, drumstick meat, meat : bone ratio, and wings. Carcass yield was calculated as a percentage of live weight. Parts yields were determined as a percentage of the eviscerated carcass weight. The pH value was measured at 45 minutes and 24 hours post mortem in the breast muscle at a depth of 2 cm.
Breast and thigh meat samples were collected to analyse chemical composition and meat quality attributes (water-holding capacity and shear force). Water-holding capacity was determined as drip loss and cooking loss according to the method of Honikel (1987) and Jaturasitha et al. (2008) . The samples were hung on hooks in a refrigerator for 24 hours at 4 °C in an absorption pad and put into polyethylene bags. Drip loss percentage was calculated with this formula:
(weight before storage -weight after storage) / initial weight × 100
The breast and thigh meat samples were measured for cooking losses. The samples were weighed and put into sealed bags. Then the samples were boiled in a water bath until an internal temperature of 80 °C was reached, and then cooled to room temperature and weighed again. The cooking loss percentage was calculated using this formula:
(weight before boil -weight after boil) / initial weight × 100
Shear force values were determined for cooked breast and thigh muscles according to the method of Dawson et al. (1991) using a TA-XT2 texture analyser (Godalming, UK) with Warner-Bratzler shear apparatus (pretest speed 5.0 mm/s, test speed 2.0 mm/s, post test speed 10.0 mm/s, distance 30 mm/s). Uncooked breast and thigh muscles were analysed for moisture and protein content using the method of AOAC (1990) . Cholesterol concentrations were determined in breast and thigh muscles with gas chromatography (Hewlett-Packard 6890 series GC system, USA) with a capillary column (HP 19091 A-112, 25 m x 0.32 mm x 0.52 μm film thickness) and a flame ionization detector (Folch et al., 1957; Rowe et al., 1999) .
Statistical analysis was performed by one-way ANOVA using SPSS software (SPSS, 2004; version 13.0) . Each replication (pen) was used as an experimental unit. Differences among treatment means were determined by Duncan's new multiple range test. The statistical significance level for all analyses was set at P <0.05.
Results and Discussion
The effects of feeding programme on growth performance, PER, EER, and feed costs of Korat chickens at 10 and 13 weeks old are presented in Table 2 . In the period 0-10 weeks old, the BW, FI, BW gain, PER, feed cost per weight gain of 1 kg, and the economic parameters of chickens were not found to be significantly different between treatments (P >0.05). Feed conversion rate and EER of the birds fed FP4 were poorer than the bird groups fed FP1-FP3 (P <0.05). The whole period (0-13 weeks old) showed a similar trend to that of 0-10 weeks old. Feed intake of chickens fed FP4 increased significantly compared with control (FP1) (P <0.05). Increased FI of FP4 groups resulted in poorer FCR, PER and EER (P <0.05). Feeding chickens in FP4 had higher feed cost per BW gain than the other treatments (P <0.05).
Overall, this study found that feeding Korat chickens with FP1, FP2 and FP3 showed similar results in growth performance, carcass traits, nutrient composition of meat, and meat characteristics (Table 2, 3, 5 and 5). However, in chickens fed with FP3 (21, 19, 17, 15 and 14% CP at 0-2, 2-5, 5-8, 8-10 and 10-13 weeks old) showed the most beneficial results in economic returns. This shows that FP3 could be used as a feeding programme for Korat chickens. Feeding chickens with FP4 resulted in increased FI compared with control. This was probably because of the protein content of this programme, which was lower than the requirements of chickens. Consequently, the birds consumed more feed to meet their needs. (Ferket & Gernat, 2006; Kamran et al., 2008) or approximately 10% of BW on a DM basis (Lopez & Leeson, 2008) . Several factors affect FI, such as size and age, environmental temperature, daylight, activity, stage of reproduction, feed palatability and availability of water (Duke, 1986) . The results for BUN showed a similar trend to that of growth performance ( Table 2 ). The BUN values were not different among treatments (P >0.05) in both periods. None of the feeding programmes resulted in significant changes in BUN values, which indicates that chickens could increase FI to reach their protein requirements. The BUN values of birds fed various feeding programmes showed similar results for protein intake and BW gain (P >0.05). In general, BUN can be used as an indicator of amino acid and protein quality. Excessive or poor dietary protein would lead to increased BUN values (Kerr, 2002; Donsbough et al., 2010) . However, as FI increased, the other nutrients, especially energy, would be reached beyond the birds' requirements, resulting in poorer FCR, PER, EER and high production costs (Leeson et al., 1996; Kamran et al., 2008) . Over the 13 week growing period, feed costs were higher for the 10-week period by about 11-12%. This is because older chickens had poorer FCR, PER and EER, which led to increased feed costs. The effects of the feeding programmes on carcass characteristics are presented in Table 3 . The percentages of eviscerated carcass and giblets did not show significant differences among treatments (P <0.05). The test results for the percentages of breasts, fillets, drumsticks, thighs, thigh meat, drumsticks, drumstick meat, wings and abdominal fat were similar to those for the eviscerated carcasses and giblets. In addition, the meat to bone ratios did not show significant differences (P >0.05). Although FP4 resulted in lower productivity than the other treatments, no significant differences were found for the carcass traits. This was probably because the birds had adjusted their FI to meet their requirements, and consequently no effects were found for the carcass traits or proportions of meat. These results were similar to the values reported for Thai indigenous chickens (Jaturasitha et al., 2002; Jaturasitha et al., 2008) . In general, as energy intake exceeds requirements, it affects carcass traits, especially fat content. This study found that FP4 at 13 weeks old tended to increase abdominal fat, which was associated with high ME intake. This phenomenon was reported by Aletor et al. (2000) , Si et al. (2001) and Sterling et al. (2002) .
The results for the nutrient compositions of Korat chickens at 10 and 13 weeks old are shown in Table  4 . At 10 weeks old, there were no significant differences in moisture, CP or cholesterol content in breast or thigh meats. At 13 weeks old, chickens fed FP4 showed lower protein content in thigh meats than the FP1 and FP2 (P <0.05), but it was not significantly different from FP3 (P >0.05). However, the other parameter measurements were not significantly different among treatments (P >0.05). Many research studies have been attempted with several feeding programmes, but no detrimental effects have been found for meat quality (Brewer et al., 2006a; 2006a b; . Similarly, the results of this study did not find any significant effects for moisture, protein or cholesterol content in either of the periods of the various feeding programmes, except for the protein content in the thigh meat of chickens fed FP4 (13 weeks old), which had a lower value than that of the FP1 and FP2 (P <0.05). This is probably because the dietary protein in this programme may not be appropriate for birds (Scott et al., 1982; Kerr, 2002) . Although the chickens were able to increase FI according to requirements, the level of feed consumption was regulated and limited by the gastrointestinal cavity. The detrimental effect of FP4 on meat protein content is also associated with the results for poorer FCR, PER and EER. The nutrient composition of Korat chicken meat was similar to that reported for other crossbred and indigenous chicken strains (Intarapichet et al., 2008; Puttaraksa et al., 2012) . Although cholesterol content was not significant among treatments, the values were lower than for broilers by approximately 0.5-1.0 times (Jaturasitha et al., 2002) . This makes Korat chickens interesting for consumers who prefer low cholesterol meat. The effects of the feeding programmes on meat quality parameters are presented in Table 5 . The various feeding programmes showed no negative effects on pH, drip loss, cooking loss or shear force. These values were found to be in the normal range compared with other indigenous and crossbred chicken strains (Intarapichet et al., 2008; Jaturasitha et al., 2008) . Previous studies did not report detrimental effects of various feeding programmes on meat qualities (Lilly et al., 2011; Sirri & Meluzzi, 2012; Brewer et al., 2012) . This suggests that feeding programmes had no negative effects on meat qualities of Korat chickens. Their meat could therefore be an alternative choice for consumers because the meat properties are close to those of indigenous chickens and other indigenous crossbred chicken strains. 
Conclusions
It was concluded that FP3 was the most suitable programme for crossbred (50%) Korat chickens. It consisted of 21, 19, 17, 15 and 14 % CP at 0-2, 2-5, 5-8, 8-10 and 10-13 weeks old, respectively, without affecting growth performance, carcass traits, nutrient composition of meat, and meat characteristics. Since this programme was judged according to the highest profit, further applications of this research should be considered concurrently with feed costs. In addition, the future production of Korat chickens on a commercial scale needs to rationalize nutrient requirements, especially energy, proteins and limiting amino acids, such as methionine and lysine for accurate feed formula.
